This work theoretically and experimentally reports the evanescent connections between propagating bands in periodic acoustic materials. The complex band structures obtained by solving for the k(ω) problem reveal a complete interpretation of the propagation properties of these systems.
We have performed experiments in an echo-free chamber sized 8 × 6 × 3 m 3 in order to to evaluate all the theoretical predictions.. The SCW has been generated by removing the middle row of a complete square periodic array of rigid cylindrical scatterers embedded in air (ρ = 1.23 kg/m 3 , c host = 340 m/s) with lattice constant a, and filling fraction f f = πr 2 /a 2 = 0.71 (in the experimental setup we use r = 0.09 m and a = 0.19 m). To obtain the experimental dependence of the pressure all along the SCW, we measured the pressure field at several points inside the guide. The microphone used was a prepolarized free-field 1/2" Type 4189 B&K. The acoustic field has been measured in this work using our 3D Robotized e-Acoustic Measurement System (3DReAMS). 22 Figurea 1a and 1b show detailed pictures of the experimental setup and of the microphone inside the SCW respectively.
Using the classical ω( k) methods one can find two kinds of bands, the propagating and the deaf ones, 6 and no information can be obtained about the evanescent modes. We show here that the complex band structure reveals additional bands related with evanescent modes, never predicted by the ω( k) methods, that drastically change the propagation properties of the system. Figure 2a shows the complex band structure for a SCW in the ΓX direction (through the work reduced magnitudes have been used, Ψ = νa/c host , K = ka/(2π)).
Left and right (respectively, middle) panels represent the imaginary (respectively, real) part Figure 2a ) predicted using EPWE. Thus, whereas using classical ω( k) methodologies no modes would be expected at this frequency, using the EPWE a coupling of the evanescent modes with the stub resonances appears. In the right panel of Figure 3a one can see that for this case no hybridization appears in the complex band structures. As a consequence, one can theoretically (right panel of Figure 3b ) and experimentally (right panel of Figure 3c ) observe how the evanescent mode excites the resonance in the stub changing the transmission properties in good agreement with the EPWE predictions.
Recently the mode conversion in phononic crystals thin slabs have been observed. On the other hand Achaoui et al. 27 have recently observed in phononic crystals with some freedom of anisotropy that when a band mostly polarized in-plane is close to a band mostly polarized out-of-plane, a phenomenon of repelling can occur and in some instances it introduces a local band gap. Moreover, the work shows that this interaction is accompanied by a transfer of the polarization state from one band to the other. These levels repulsion 28 which avoid crossing in the distribution of eigenvalues is well known within the physics community, however, there are only few works in the literature 26, 27, 29 analysing and discussing this phenomenon in two-dimensional phononic crystals. The stubbed SCW shown in this work seems to be a good example to observe the level repulsion.
The complex band structure of the stubbed SCW at the frequencies of the levels repul- 
